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Abstract

Although the temperature and density of so-
lar wind electron velocity distribution func-
tions (eVDEs) vary significantly as a function
of heliocentric distance r, the shape of the
distributions——characterized by a thermal core
and suprathermal tails—varies only weakly. We
suggest that this may be due to the peculiar con-
ditions of the solar wind; specifically, the observed
radial density and temperature profiles are such
that the ratio between the mean free path Ay, ¢,
and the characteristic distance Lp=T/|dT/dx]
over which the temperature varies is nearly con-

stant. If v = A\, rp/ Lt is exactly constant, then
the collisional kinetic equation admits self-similar
solutions. We discuss these solutions and their
applicability to the solar wind near 1 AU.

Introduction

In a plasma where y=constant, the collisional kinetic
equation admits self-similar solutions [1|. Consider
the independent variables £ = v* = (V/Vj,)? (V is
velocity, Vi, = \@) and u = cos @, where 6 is the
angle between V and the x-axis. x is the 1D spatial

coordinate of variation. We assume a self-similar
form for the distribution function f(x, v, t):
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T is temperature, t is time, and N is a normalization
factor. We impose /ngv = 1, and /deV = n,
where n is the density. Assuming the electrons are
eyrotropic and move in the proton frame, the kinetic
equation can be written in the linearized form:

IF o OF
(%A§12__7M<04F2 g@f)
OF (1 —p)0F
”5<“ag T: au> 2
1 OF  O°F (2)
+§<a§ ' a§2> 2
U, OF L OFY
| 2§2< 2”(‘9# (1 M)(‘?/ﬂ)_

Where A = 274 and § = ( bl )/7
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Applicability

1] set %—ZZ — (0 and analyzed asymptotic regions of &
theoretically. This theory appears to be appropriate
for the solar wind for a number of reasons:

2 we require T o< 77 1/2 to have

v =constant, very close to observations.

= Because n o< r—

= Suprathermal power law tails F' o< £ are
predicted = halo or superhalo? |2]

« Heat flux as a function of ~ follows Spitzer-Harm
theory for v << 1, then approaches a constant as
v — 00, agreeing with recent measurements |3|.

« Theory calls for the presence of a large-scale
electric field E, that ensures current balance.

« Self-similarity of eVDFs near 1 AU can be verified
directly (see figure 1)
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« Theory predicts that heat flux

ni
1= / V3 cos Od°V scales like g oc 7714, very
3

close to the typically measured scaling r—
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Figure 1: F variation with distance 0.5-1 AU from the Helios
data. The gradual change of F with distance directly shows
that the eVDFs are nearly self-similar.

Numerical Simulation

e

I'he steady state solution satisfies equation 2 with

%—? = 0. To find this solution numerically, we use

the method of relaxation. Starting with an initial
ouess for F, we simulate the evolution of F according

—

to equation 2 using a finite difference scheme.
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Figure 2. We test our code by setting v = 0, A = 1. Here
the effects of the electric field and temperature gradient are
negligible. We initialize with an anisotropic bi-Maxwellian eVDF,

and see that it converges towards an isotropic bi-Maxwellian.

If we allow v to be non-zero, an electric field E will
develop that counteracts the particle flux due to the
temperature gradient.
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Figure 3: Set v = 0.1, A =1, a = 1.5. Here the electric field
and temperature gradient are important and a heat flux devel-
ops. We initialize as an isotropic bi-Maxwellian. The simulation

shown has not yet converged.

Conclusion

The condition v = constant is nearly satisfied in
the solar wind, suggesting that eVDEs may be un-
derstood in terms of selt-similar solutions of the ki-
netic equation. In reality v might vary slowly with
distance; however if the variation is sufficiently slow
the same theory of self-similar solutions should be
applicable. In this case we could use the local v to
find F everywhere.

The fine-tuning of the density and temperature pro-
files that leads to self-similarity merits the question:
is this merely a coincidence? We speculate that the
conditions in the solar wind may settle naturally into
self-similarity, perhaps because of feedback between
the steepness of the temperature gradient and the
heat flux q, which is not divergenceless (V - q # 0).
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